Staphylococcus aureus was the predominant microorganism in several reports of nosocomial infections [1, 2] , being mainly isolated from surgical sites. Approximately 20 to 30% of healthcare workers bear this bacteria and could transmit it [3, 4] . Infection outbreaks have been reported from critical units, including burn wards, nurseries, intensive care units (ICU) and in clinical and surgical patients; they have been found to be related to inadequate use of antibiotics, lack of handwashing, insufficient nursing care, and presence carriers among the staff [5, 6] . Controlling antibiotic use can reduce the appearance and spread of resistant bacteria [7, 8] . From the 1970s to the 1990s an alarming tendency towards resistance to many antibiotics was found in Staphylococcus aureus isolates [9] . Studies made in several countries have demonstrated variation in resistance to antibiotics that is related to prescription practices [10] [11] [12] . Two types of Staphylococcus aureus have been found in nosocomial environments: permanent and transitory. The former can be found on healthcare-workers and in the hospital environment. The latter can be found in infected patients and in carriers, who are in transitory contact with the hospital. The everyday relationship between healthcare workers and patients could allow a renewal in the strains of both types of contaminants. Antibiotic use can provoke selection of resistant strains, causing more serious infections, longer institutionalization periods and higher costs for the Health Care System. The healthcare workers inserted in this epidemic chain have great importance in the increasing resistance of contaminants, serving as a source of information for empirical prescription of antibiotics.
Material and Methods
Study population. From March 11 to April 29, 1996 , and from December 1, 1999 to January 15, 2000, we analyzed 200 and 270 nasal swab cultures, respectively, of healthy healthcare workers of Santa Casa de Misericórdia de Ponta Grossa (SCMPG). They had not used nasal antiseptics or antibiotics for at least three weeks before the collection. The workers selected for this research were in direct contact with patients and with other staff.
Nasal culture. The samples were obtained by rubbing moist swabs imbibed in sterile physiological saline solution in both nasal cavities of each patient's nose. They were quickly inoculated into Baird-Parker Egg Volk-Tellurite medium and Manitol Salt Agar, which are both selective (Oxoid), by the draining technique, and they were incubated aerobically at 37°C during 24 h. The Staphylococcus aureus strains were then tested for sensitivity to antibiotics, following the technique of Kirby and Bauer, recommended by NCCLS (National Committee for Clinical Laboratory Standards -USA) [13] Statistical analysis . The percentages were transformed with the arc sine square root of "x" (x = percentage) and compared through the Tukey test. The χ 2 test was used to compare frequencies; and the exact Fisher test was used when the sample was very small [14] .
Results
Among 200 workers of the first sample, 63 (31.5%) were positive for Staphylococcus aureus; while among 270 of the second sample, 90 (33.3%) were positive. There was no significant difference between these percentages. Based on the antibiogram, there was a variable degree of resistance ( Table 2) .
The relative resistance (in %) to the different antibiotics of the two samples was examined, and significant differences were found (minimal significant difference (m.s.d.) at p = 0.05 = 9.22 and m.s.d. at p = 0.01 = 12.11) between 1996 and 1999 for the antibiotic Gentamycins (p < 0.01) and for Tobramycin (p < 0.05).
The variation in the resistance of Staphylococcus aureus cultures from healthcare workers nasal swabs was compared to the variation of local consumption of antibiotics (Table 3) ; the correlation (r = 0.089) was not significant.
Among the 105 workers in the two samples, 54 were negative in samples 1 and 2, 17 were positive in sample 1 and negative in 2; 15 were negative in sample 1 and positive in 2; 19 were positive in both samples.
The independence between positivity/ negativity for Staphylococcus aureus in 1996 versus 1999 in the healthcare workers was significant at p < 0.01 (χ 2 = 10.44), with a larger frequency than expected of double positives and double negatives.
Among the 105 healthcare workers researched in 1996 and 1999, 36 (34.2%) presented positive cultures for Staphylococcus aureus in 1996, and 34 (32.3%) in 1999. There was no significant difference between the two periods (m.s.d. at p < 0.05 = 7.74).
The antibiogram data indicated variations in resistance (Table 4 ), but this variation was not significant (m.s.d. = 13.42 at p = 0.05).
Also 12 cultures (6% of the total and 19% of the positive ones) of the first sample and 11 (4% of the total and 12.2% of the positive ones) of the second presented resistance to oxacillin. This makes them methicillin-resistant Staphylococcus aureus (MRSA). This difference was not significant (m.s.d. = 5.23 at p =0.05).
Among the 105 workers, 19 gave positive cultures in both years; the antibiogram results are given in Table 5 . There were significant differences in resistance only against Penicillin (m.s.d. at p = 0.05 = 18.21).
Discussion
The emergence of Staphylococcus aureus resistant to Vancomycin is the event with greatest impact on diseases caused by bacteria, since the development of antibiotics [15] .
Resistance is associated with an increase in disease severity, along with increases in the period of institutionalization, long term sequels, high mortality and increasing treatment costs, including a need for alternative drugs [16] .
Antibiotics should be preserved for the future. Their appropriate use could retard or prevent the emergence and spread of resistant bacteria [17] .
Healthcare workers, who are nasal carriers, are an important source of Staphylococcus aureus. Almost 25% of these workers are stable nasal carriers, and 30% to 50% of them also possess the bacteria on their hands [18, 19] .
We observed stability in the evolution of resistance to the more frequently prescribed antibiotics for Staphylococcus aureus control, such as oxacillin, cefalotin, clindamycin, cotrimoxazol, and vancomycin, as well as chloramphenicol and amicacyn; while there was a decrease in the resistance to gentamycin and tobramycin. There was an increased tendency for resistance to ciprofloxacin and rifampicin. The resistance levels to ampicillin, erythromycin, penicillin and tetracycline have led to the abandonment of these drugs in therapeutics. It is well known that the abusive use of antibiotics promotes the emergence of bacterial resistance [20] . It is still being discussed, however, if decreases in the use of a determined Table 2 . Frequency of resistance to antibiotics in the two samples of Staphylococcus aureus isolated from healthcare workers in 1996 (sample 1) and 1999 (sample 2) antibiotic are accompanied by reduction in resistance [21] . Studies show that bacterial resistance parallels the use of antimicrobials. The increase in the fluoroquinolone and cephalosporin use leads to higher resistance to such drugs [22] [23] [24] [25] [26] , while the increase in the susceptibility of important nosocomial pathogens to the aminoglicosydes, in response to a decrease in their use in the last years, has been making it possible to return to the old antibiotics, which are less toxic and wide spectrum [21, 22] .
The resistance found in our samples, when compared to the resistance of Staphylococcus aureus in other hospitals, shows a shared trend of increase against ciprofloxacin and stabilization and decrease of resistance against the aminoglicosydes, especially gentamycin.
A fundamental condition for the emergence of resistance is exposure to the antimicrobial agent to which the resistance is addressed [20] . When comparing the variation of resistance with antibiotic consumption in the period, it was not In our study, the decrease in consumption of amikacin, cefalotin, cefotaxim, chloramphenicol, cotrimoxazol, gentamycin and tobramycin was accompanied by a decrease in the resistance to these antibiotics. The increased consumption of ciprofloxacin, erythromycin and rifampicin was accompanied by increased resistance to these drugs.
Resistance of Staphylococcus aureus in Healthcare Workers
Although a decrease in the consumption of ampicillin, penicillin and tetracycline was observed, there was an increase in resistance to these drugs. The presence of residues of antibiotics used in agriculture and in livestock, as well as the bacterial selection due to such use could be responsible for the presence of resistant microorganisms in environments where those drugs are not used for human therapeutics [27, 28] .
There was increase in the clindamycin and oxacillin consumption, along with a decrease in resistance to these drugs. All the strains were sensitive to vancomycin, in spite of increased consumption of this antibiotic.
The audit of the use of antibiotics in SCMPG has been guiding the clinical staff in the use of the most appropriate therapeutics. The lowered aminoglicosyde consumption in the last years was due to the emergence of the 3 rd generation cephalosporins of and of the quinolones, less toxic and of wider spectrum; though we expect that they should induce increased resistance.
The increase in the consumption of oxacillin with consequent decrease in the use of cephalotin was due to the orientation of the Hospital Infection Control Commission (CCIH) for treatment of infections due to MSSA.
Although we cannot quantify the threshold of resistance of Staphylococcus aureus to the antibiotics tested in the SCMPG, we could consider that the variation of the resistance of this population (n=105) is due solely to the selection pressure in the hospital environment on the bacteria.
Our efforts to revert resistance requires new knowledge regarding the consequences of the use of antibiotics; we cannot concern ourselves exclusively with curing the bacterial disease, without regard to how we favor resistant strains [28] . Besides selection pressure, new strains can be introduced into a nosocomial area through patients [29, 30] or by healthcareworkers [5, [31] [32] [33] .
The extensive use of antibiotics in the hospital also results in their presence in the environment. Patients and healthcare workers are indirectly exposed to the action of the antimicrobials that act on endogenous microbiota, selecting resistant bacteria that are dispersed through individual contact [34] .
The presence of methicillin-resistant Staphylococcus aureus (MRSA) in both samples, 6% in 1996 and 4% in 1999, did not vary significantly; different from what has been reported by most published studies [24, 35] . It is clear that these bacteria are endemic.
Decolonization of MRSA carriers in institutions is a strategy to reduce human bacterial storage in patients and healthcare workers [36] .
When determining the resistance of bacteria that colonize healthcare -workers, we also sample a larger reservoir of bacteria with potential to cause infection. They are representative of the endemic microbiota, which can be renovated in daily nosocomial activities [18] . Although at the moment they are not causing infection, they have potential for hospital resistance. It is necessary to prevent and prepare for the emergence and evolution of resistant populations of bacteria [37, 38] .
While orientation concerning the use of prophylactic antibiotics or of empirical therapeutics based on the resistance of the nosocomial infections (transitory bacteria) could vary month to month, the data obtained from healthcare workers are more stable. They allow us to develop a more durable policy of orientation for the consumption of antibiotics.
The study of such relationships is a biological model based on the interaction of healthcare workers with colonizing bacteria and with hospital infections. The carrier workers act not only as a source of possible infection, but also of information about treatment.
Additional studies using this model should be involve periodic sampling, and they should include other bacteria and allow analyses of tendencies, to guide the consumption of antibiotics in order to improve their usefulness. 

